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Sewers - Old English word for ‘Seaward’ 


Cesspit beneath floors; overflow to streets 
London (1810): 200,000 cesspits/ 1 million 


Windows sealed against ‘Night Air’, miasma 


a mix of co -sulfurous fog 
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Reclaimed ‘Night Soil’ used as crop fertilizer; 
small children harvested cesspit wastes — 
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Edwin Chadwick 1800-1850 


Report of the Poor Law Commissioners on an 


Inquiry into the Sanitary Condition of the Labouring 
Population of Great Britain, 1842 
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sewage Farming: 
1840 - 1890 
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Earth-Pit Privy 


Design Criteria: 


6 feet deep 
50 cubic ft. 
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for two-storied houses 
with two families 
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Design Capacity, Per Person 


feces: 0.2 kg /day 
urine: 1 liter /day 
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southeast Missouri Farms Project 
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U.S. Population 
becomes Urban 


1910: 92 million 
a 38% sewered 
89% untreated 


—_ 1968:197 million 
% sewered 
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How quickly we forget! 
2001: Enlightening 
The Trekker 
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Plastic Bag as Chamber Pot 
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Part 2. Toilets & Water Carriage 
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Plumbing 
circa 1900 


to eliminate: 
disease, fumes, explosions 
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Unitea States 


White House: 1825 — the ‘Quincy’ 


Tremont House (Boston Hotel): 1880s 


Toilet Paper - U.S. 


1857 Joseph Gayetty - therapeutic paper with Aloe 


500 sheets for 50¢ 
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1890 Scott Paper Co. - tissue on a roll -1000 sheets 
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Sewer Socialists? 


“Municipal Socialism” 1900-today 


A Century of Sewer Construction in the U.S 
[disposal of wastes to seweragefound 
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Sristol, England 


Hollowed-Out Wooden Water “Pipe - 500 years old 
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Museum of Edinburgh, Scotland 
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48” Cast-Iron Pipe - 1914 


Truck engine powered the winch __ 


Springfield, Missouri 


Sanitary Sewerage Timeline 


1894-1910: 41 miles - brick and clay sewers 


1911-1937: 96 miles oe 
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1976 - poly , 


2010: 4 176 miles + zsmiesyear — 59 —. 
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In the older parts of Kansas City, the same pipe 
that carried stormwater also carried sewage ina 
Combined Sewer System. 


Combined Sewer Systems were common until 
the 1970s agawastes were simply carried to 
streams. ‘“e=- 


Combined Sewers were constructed because 
sewage treatment was not anticipated. It was 
thought to be more economical to build.one pipe 
rather-than-two. 
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Costly choice, as it turns.out. Kansas City will 
spend $2.5 billion over 25 years to curb 
unauthorized overflows of untreated raw sewage. 
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| Separate Sewer System 


Combined Sewer System 


U.S. has ~600,000 miles of publicly-owned sewer pipe 
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Part 4. Sewage Treatrent — 
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Unsewered Systems 


On-Site Treatment and Disposal: 
Flow Range: 0.2 to 2 m3/ day 
o> 
— 
Septic Tanks (Settling; Fermentation): 
¢ 1to2day-retention; 2 meters deep_ 
* scum, sludge-removalevery 6 to T2months 
+ ysldge tolagogperearth-covered trenches > 


* or plowed into land after partial drying On»surface 


¢ soil adsorption systems for tank overflow 
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RURAL AND CAMP SANITATION 


Septic Tan 


Mudge ararn for PLAN 
fort hex r? ar ‘ss r ae 
drained by gravity 


. , 7h 
7 : i“ “J ’ ri 4 o a 


cover os , aan tour cea! 
, Tor rar s 74 
ef src CK 
a . a > i. a gi tte fe 5 


7 ) 7 | ee 3~ 9 
: Lan) 
: | 
Plow line | 
Se Ae Ee 
= — 4 , 
= . | 
S 
" ey 
. : wl 
c _ 4 ae _—— 


ru 


Bat fle mary be 
iow ree ‘a ws ” 7 


Larufary 


PNININ 


—-_—_— = ~—-—-—-—<—--—-—~—<— 


— 


_ a 
GivEERING 
SECTION ON ¢ | “td # w ~ aos ee 2 DE 


FIG. 51. A single-compartment septic tank. a 
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Gravel-filled Trenches 
Open-Joint Tiles 


Infiltration to Vadose Zone 
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Biological Slime Formation 


Mineral Precipitates, FeS 


Release of Gases, H;S,-CH, 
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Soil Acceptance: Rate: 
0.3 to 0:5 gpd/sf 
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sewage Disposal - 1930 


U.S. Sewage Disposal (Cities > 100,000 Population) 


“Dilution is the Solution to Pollution” 


Treatment Population % 
None, Dilution alone at 46.4 
Fine Screening, Dilution 8,900,0 23.3 ——— 


Sedimentation, Dilution 


as 


a 


— pope rP@=9ng . . . 
a = hag scte! (uaa gy eee | 
A ow~! bal APOC wees 
He FF & £ | < | we | | 
f | r | 
a | — 4 | | heal 
rdat i | a @ i | | 
~ 


Karl Imhoff 


1906: Taschenbuch der Stadtentwasserung 
Sewers:Open ditches with concrete slabs 
Two-Storied Settling and Digestion Tanks 


a 
1913-1934: 70 works constructed, Ruhr River 
allt batt. 


1929. :-Karl.mhoff.and-Gordon Fai (Hanvarc 
The Arithmetic of S@wage-Treatment Works 


Imhoff Tank patented in 1906;first operated in 1908 
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imhotfr fank Treatment Piant 
Population: 1000 40,000 gpd 
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50°%esuspended Solids Removal 
50% Reiucudnin Oxygen Demand 


PRIMARY SETTLING 
WITH SEPARATE 
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Trickling Filter 


Popular with Birds - “BOD flies away” 
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Part 5. Wastewater Treatment 
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Water Pollution Control Act 
\ Fed. Water Pollution Control A 


Amendments to FWPCA - 
1965 Wat 
1966 estoration Act 
1970 ed s 
1972 FW. 


1981 ~ Co struction Gre nts Amendments 
1987 Water Quality Act 
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History of Chlorination in the U.S. 


Typhoid and Cholera Deaths Per 100,000 People 
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Typhoid Mortality 
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Why Disinfect Wastewaters? 
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Columbia Regional Wastewater Treatment Plant 
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Primary, Aeration, Secondary Basins 


Aeration Basin: 


Primary Basin: 50% removal of Promote Growth of 
BOD and suspended matter &Erobic Microrganisms 
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Sludge Treatment and Disposal 


Covered, Heated 
Anaerobic Digesters 


Digester Gas runs generator 
= and prowides heat 
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Tertiary Treatment 


Missouri River 


Department of Conservation Wetlands 


Well Fields 


Water Treatment Plait. 
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The Future of 


Human Waste Disposal 


Part 6. Wastewater Reclamation 


Water Use => Wastewater 


Population Growth x Water Use (130 gpcd, max. month) 


Urban Sprawl = sewer extensons, irrigation of suburbs 


Groundwater depletion; drought; consiweptive water use 
—— ee 


18% municipally-owned) =>.35 billion g/d 


U.S. Population Growth 


Population, millions Life Expectancy, years 


1933: 125 - 
2010: 310 = 78 
2025: 35/7 


J.S. Population-increase 4 3-mittion/year 
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(Anglican) Reverend Thomas Robert Malthus, 1766-1834 


"The power of population is indefinitely greater than 
the power in the earth to produce subsistence for man”. 
An Essay on the Principle of Population 


If Malthus is wrong, then 
will human population 
growth go on forever? 


World Population Growth 


World Population 


1800: 1 billion 
2011: 7 billion 
2050: 9 billion 
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| te Sources: United Nations Population Division and Population Reference Bureau, 1955. 
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% Daily Indoor Water Use Some households 


consume two to five 
times as much as the 
350 gpd average? 
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Managing Wastewater Costs 
2. Reduce Hydraulic Loadings 


Mandate efficiency of toilets, showers, faucets 
Advocate Gray Water use for lawn, gardens, toilets 
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U.S. Suburban Household Water Use 
Average Day: 350 gallons 


"Toilet flushing: 100 gallons —~ = 


Federal Water Efficiency Standards (1992) = wan 
Showerheads: 2.5 gallons per-minute— 


Faucets: 2.5 gallons ——— VC 


Managing Wastewater Costs 


2. Water Conservation Programs 


Offer Financial incentives to install water-efficient toilets 

Pass Municipal ordinances allowing watering only on certain days 
Ban ornamental fountains unless they run on re-circulated water 
Require homes to have low-flow shower headwend faucet aerators 


Recycle Gray Water 
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“If it’s yellow, 

let it mellow; 

if it’s brown, 
flush it down.” 


When freshwater gets scarce... utilize ‘toilet to tap’, a.k.a. 


Wastewater Reclamation & Reuse 


California State Department of Health 
permits use of reclaimed wastewater for: 


“ agricultural irrigation of over 20 food crops". 


“landscape parks, re ae golf courses, 


2creational impoundments, __ a 
domestic water ter supply areas 


Emerging Health Concerns 


w pharmaceuticals: N-nitrosodimethylamine (NDMA), 1,4-dioxane, 


bisphenol A, alkylphenol polyethoxy carboxylates (APECs), dioxin, disinfection 
by-products, ... 
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: nicro-, ultra-, nano-filtration; reverse osmosis; 
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Pharmaceuticals in drinking water 
@ Water tested positive for pharmaceuticals @ Water tested muiei for egghead 
© Water not tested for pharmaceuticals ei sed ™e 


" In Virginia Beach, pharmaceuticals were found rar 

in source water Dut not in treated drinking water. NOTE: All places include some surrounding areas except: Albuquerque, 
*" Drinking water in Austin, Texas, was tested for only N.M.; Arlington, Texas; Fresno, Calif; Long Beach, Calif; Los Angeles; 
one prescription drug, a synthetic birth control chemical. Memphis, Tenn.; New Orleans; New York City; and Orlando, Fla, 


SOURCES: Dtinking water providers’ responses to Associated Press questions, AP review of scientific Itterature. 


Orange County, CA Water District 


‘Indirect Potable Water Reuse’ 
- Groundwater Replenishment System 
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Analysis, forecasts 
and inventory 
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‘Sewer Mining’ for ‘Brown Gold’ 


Viembrane Bioreactors Membrane Module 


infiuent Flow 


VBR lank Sludge Holding 
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Requires Chemical Control of Membrane Fouling 


Sewer Mining? 
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| High Plains Aquifer: 


Ne . 4 water-level declines > 150 feet 
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Where is Reclamation Occurring? 
CA, FL, TX, AZ, NM, NE, CO, GA, WA, VA, NY, MA 


Orange County Water District San Antonio 

Central/West Basin El Paso 

Metropolitan Water District Tarrant Regional 

San Jose St. Petersburg 

Los Angeles Co Sanit District Pinellas County 

San Diego County King County (WA) 

Irvine Ranch Austin 

Dublin San Ramon Santa Ro 

East Bay Municipal Utility District UOSA (VA) 

Orlando Southwestern Nevada Water Authority/ 
Scottsdale —— Las Vegas Valley Water District 
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0.25 mgd used for toilet flushing — 


The Future of 
Waste Management ? 


energy, chemicals, and materials costs => rate increases 


reduction of federal subsidies, grants = fate increases 
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